Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number 



0 238 822 

A2 



© EUROPEAN PATENT APPLICATION 

© Application number 8710175Z1 © | nt ci< H04L 27/00 , H04B 17/00 

© Date of filing: 09.02.87 



The title of the invention has been amended 
(Guidelines for Examination in the EPO, A-III, 
73). 

© Priority: 0&Q2.86 JP 24950/86 
14.01.87 JP 5136/87 

© Date of publication of application: 
30.0087 Bulletin 87/40 

© Designated Contracting States: 
DEFRITNL SE 



© Applicant NEC CORPORATION 
33-1, Shiba 5-chome, Mlnato-ku 
Tokyo 108(JP) 

© Inventor: Yoshida, Yasuharu 
33-1, Shiba 5-chome 
Minato-ku Tokyo(JP) 

© Representative: Vosslus & Partner 
Siebertstrasse 4 P.O. Box 86 07 67 
D-8000 MUnchen 86(DE) 



© Composite QAM-PSK transmission system. 

© Responsive to a first and a second main data signal and a subdata signal, a multilevel modulator produces a 
composite modulated signal which comprises a quadrature amplitude modulated component modulated by the 
first and the second main data signals and represented by a radius on a phase plane and a phase modulated 
component modulated by the subdata signal are represented by a clockwise and a counterclockwise shift on the 
phase plane. A multilevel demodulator carries out an inverse operation to reproduce the composite modulated 
signal Into first and second reproduced main data signal and a reproduced subdata signal. 



CM 
< 

CM 
CM 
00 

00 
CO 
CM 





FIG. 2 



Xarex Copy Centre 



0 238 822 



MULTILEVEL MODULATOR CAPABLE OF PRODUCING A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 



Background of the Invention: 

This invention relates to a multilevel modulator capable of producing a composite modulated signal in 
5 response to a main data signal and a subdata signal and to a multilevel demodulator for use as a 
counterpart of the multilevel modulator. 

A multilevel modulating system of the type described is exemplified in United States Patent No. 
4,498,050 issued February 5, 1985. to Yasuharu Yoshtda, the instant applicant and assigned to NEC 
Corporation. This system is a composite PSK-PSK modulating system which comprises a 2 k -phase PSK 
to modulated component carrying the main data signal and a 2-phase PSK modulated component carrying the 
subdata signal where k represents a positive integer. In the system, the main data signal has a first bit rate 
f, which is not less thai a second bit rate f* of the subdata signal. As a result the subdata signal can be 
effectively transmitted without adversely affecting a bit error rate of the main data signaL 

In the meanwhile, a multilevel quadrature amplitude modulating system has recently become the center 
ts of a digital transmission system. In the multilevel quadrature amplitude modulating system, a pair of 
quadrature-phase carrier signals are amplitude modulated by first and second input signals into a multilevel 
quadrature amplitude modulated signal. When each of the first and the second input signals is an n-bit 
binary signal where n is a positive integer which is not less than two, the multilevel quadrature amplitude 
modulated signal has 2 Zn output signal points on a phase plane which has an origin and real and imaginary 
20 axes orthogonally crossing at the origin. Such the multilevel quadrature amplitude modulator is exemplified 
in United States Patent Application Serial Noi 779,217 filed September 23, ©85. by Junichi Uchibori et al. far 
assignment to NEC Corporation. 

The multilevel quadrature amplitude modulator can effectively utilize a carrier level Therefore, a large- 
capacity digital radio communication network ordinarily comprises the multilevel quadrature amplitude 
25 modulator. 

By the way, the conventional composite modulating system is restricted to the PSK modulation. 
Namely, the conventional composite modulating system can not be applied to the multilevel quadrature 
amplitude modulating system. 

30 

Summary of the Invention: 

It is therefore an object of this invention to provide a multilevel modulator capable of producing a 
composite modulated signal comprising a quadrature amplitude modulated component and a phase 

35 modulated component in response to a main data signal and a subdata signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

It is another object of this invention to provide a multilevel demodulator which is for use as a 
counterpart of the multilevel modulator of the type described above. 

A multilevel modulator to which this invention is applicable is for modulating first and second main data 

<o signals and a subdata signal into a composite modulated signal. Each of the first and the second main data 
signals- Is represented by first through n-th bits where n is a positive integer which is not less than two. The 
subdata signal is represented by one of first and second binary values at a time. The multilevel modulator 
comprises modulating means responsive to the first and the second main data signals and the subdata 
signal for modulating the first and the second main data signals and the subdata signal into the composite 

45 modulated signal comprising a quadrature amplitude modulated component and a phase modulated 
component. The quadrature amplitude modulated component is modulated by the first and the second main 
data signals and has ^output signal points on a phase plane. The phase modulated component is 
modulated by the subdata signal. 

A multilevel demodulator to which this invention is applicable is for demodulating a composite 

so modulated signal comprising a multilevel quadrature amplitude modulated component modulated by first 
and second main data signals and a phase modulated component modulated by a subdata signal Each of 
the first and the second main data signals is represented by first through n-th bits and has a first bit rate f 
The subdata signal is represented by one of first and second binary values at a time and has a second bit 
rate f 2 which is not greater than the first bit rate divided by a predetermined natural number m. The phase 
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modulated component has a phase difference of 2a radian when the subdata signal is represented by a 
predetermined one of the first and the second binary values where a is not greater than W2 2 ". The 
multilevel demodulator comprises detecting means for phase detecting said wnposite modulated signal to 
produce first and second phase detection signals.- According to thisr invention! the. multilevel demodulator 
5 further comprises reproducing means coupled to the detecting means for reproducing a reproduced 
subdata signal and first and second reproduced main data signals in response to the first and the second 
phase detection signals. 

In the manner which will later be illustrated, the amplitude modulated component is represented on a 
phase plane by a radius from an origin. The phase modulated component is represented by a clockwise or 
to a counterclockwise shift 



Brief Description of the Drawing: 

is Rg. I is a block diagram of a multilevel modulator according to a first embodiment of this invention; 

Fig. 2 shows an output signal point arrangement of a composite modulated signal produced by the 
multilevel modulator illustrated in Rg. I; 

Rg. 3 Is a block diagram of a multilevel modulator according to a second embodiment of this 
invention; 

20 R 9- 4 is a block diagram of a multilevel demodulator for use as a counterpart of the multilevel 

modulator illustrated in Rg. t 

Rg. 5 Is a block diagram of a subdata producing circuit and a selecting unit operable as a part of the 
multilevel demodulator Illustrated in Rg. 4; 

Rg. 6 is a block diagram of a multilevel demodulator according to another aspect of this invention; 
25 Rg. 7 Is a block diagram of a subdata reproducing circuit operable as a part of the multilevel 

demodulator illustrated in Rg. 6; 

Rg. 8 Is a view for use in describing operation of the subdata reproducing circuit illustrated in Rg. 7; 

Rg. 9 is a block diagram of a multilevel demodulator according to still another aspect of this 
invention; 

30 Rg. 10 is a block diagram of a subdata reproducing unit operable as a part of the multilevel 

demodulator illustrated in Rg. 9; 

Rg. II is a view for use in describing operation of the subdata reproducing unit illustrated in Rg. 10; 
Rg. 12 Is a view for use in describing operation of the subdata reproducing unit illustrated in Rg. 10; 
Rg. 13 is a block diagram of another subdata reproducing unit operable as a part of the multilevel 
35 demodulator illustrated in Rg. 9; 

Rg. 14 is a block diagram of a main data reproducing unit operable as a part of the multilevel 
demodulator illustrated In Rg. 9; and 

Rg. 15 is a view for use in describing operation of the main data reproducing unit illustrated in Rg. 14. 



Description of the Preferred Embodiments: 

Referring to Rg. I, a multilevel modulator according to a first embodiment of this invention is similar to a 
conventional four-by-four quadrature amplitude modulator except for a phase modulator 20. The multilevel 
45 modulator is for use in modulating first and second main data signals MPI and MQI and a subdata signal 
SUB into a composite modulated signal CM. Each of the first and the second main data signals MPI and 
MQI is represented by n bits where n represents a positive integer which is not less than two. Ordinarily, 
the n bits are processed in bit parallel. It will be assumed merely for brevity of description that the positive 
integer is equal to two. 

so It will be assumed that the first main data signal MPI is of a channel P and is represented by first and 
second bits XI and X2. The second main data signal MQI is of another channel Q and is represented by first 
and second bits Yl and Y2. Each of the first and the second main data signals MPI and MQI is therefore 
capable of representing four levels. Each of the first and the second main data signals MPI and MQI has a 
first bit rate f,. The subdata signal SUB is represented by a single bit. namely, one of first and second 

55 binary values which may be binary values T and "0". The subdata signal SUB has a second bit rate f 2 
which is equal to f M where m is a positive integer which is not smaller than two. 
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The phase moduJator 20 is supplied with a carrier oscillation signal SCI from a Focal oscillator 21 and is 
supplied with the subdata signal SUB. The phase modulator 20 is for phase modulating the carrier 
oscillation signal SQ by the subdata signal SUB and produces a phase modulated signal SC2. For example, 
the phase modulated signal SC2 has a first predetermined phase difference relative to the carrier oscillation 
signal SCI when the subdata signal SUB has the binary value "CT. When the subdata signal SUB has the 
binary value T, the phase modulated signal SC2 has a second predetermined phase difference relative to 
the carrier oscillation signal SCI. The first and the second predetermined phase differences should have a 
common absolute value or which should not be greater than x/2 2n radian. In the example being illustrated. 
0.19 radian is selected as the common absolute value a. 

The multilevel modulator comprises a first digrtaMo-analog converter 22 supplied with the first main 
data signal MP! and a second digital-to-analog converter 23 supplied with the second main data signal MQL 
The first digital-to-analog converter 22 converts the first main data signal MR to a first analog signal. The 
second digitaHo-analog converter 23 converts the second main data signal MQI to a second analog signal. 
Each of the first and the second analog signals has an amplitude level determined by a pertinent one of the 
first and the second main data signals -MP! and MQL The first and the second analog-signals are delivered 
through first and second low-pass filters 24 and 25 to first and second amplitude modulators 26 and 27 as 
first and second modulating signals MP!! and MQII, respectively. 

The phase modulated signal SC2 is delivered to the first amplitude modulator 26 as a first earner signal 
SCIO and supplied through a */2-phase shifter 28 to the second amplitude modulator 27 as a second carrier 
signal SC20. The first carrier signal SCIO has a quadrature phase difference relative to the second carrier 
signal SC20. The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second carrier signals SCIO and SC20 by the first and the second modulating signals MPII and MQII 
respectively. 

The first and the second amplitude modulators 26 and 27 produce first and second modulated signals 
MPI2 and MQI2 and deliver the first and the second modulated signals MPI2 and MQI2 to a multiplexer 29. 
The multiplexer 29 multiplexes the first and the second modulated signals MPI2 and MQI2 into the 
composite modulated signal CM. It is seen that the composite modulated signal CM comprises a multilevel 
quadrature amplitude modulated component and the above-described phase modulated component The 
multilevel quadrature amplitude modulated component is modulated by the first and the second main data 
signals MPI and MQL The composite modulated signal CM has sixteen output signal points on a phase 
plane as will later be described. The composite modulated signal CM is transmitted to a multilevel 
demodulator through a transmission medium. 

Referring to Fig. 2. the phase plane is defined by an origin 0 and real and imaginary axes X and Y 
orthogonally crossing at the origin 0. The real and the imaginary axes X and Y represent the first and the 
second modulated signals MPI2 and MQI2 of the respective channels P and Q. The sixteen output signal 
points are depicted at Aii or Bij, where I and j are positive integers which are not greater than four. The 
output signal points Aij are derived when the subdata signal SUB has the binary value "0" and 
consequently when the phase modulated signal SC2 has the first predetermined phase difference relative to 
the carrier oscillator signal SCI. Each pair of the output signal points Aij and Bij has a phase difference 
which is equal to twice the common absofute value a. Additional signal points Cij are depicted at midpoints 
of the output signal points Aij and Bij along concentric circles. The additional signal points Qj have 
amplitude levels *L and ±3L These amplitude levels ±L and ±3L are used as reference levels on 
reproducing the first and the second main data signals MPI and MQI in the multilevel demodulator as will be 
described later. 

Referring to Fig. 3, a multilevel modulator according to a second embodiment of this invention is similar 
to that illustrated in Fig. L The multilevel modulator, however, does not comprise the phase modulator 20 
described in connection with Fig. I. Instead, the multilevel modulator comprises first and second converting 
units 30 and 31. each of which is supplied with the first and the second main data signals MPI and MQI and 
the subdata signal SUB. The first converting unit 30 comprises a first read-only memory 32 and a first 
digital-to-analog converter 33. Likewise, the second converting unit 31 comprises a second read-only 
memory 34 and a second first digital-to-analog converter 35. Each of the first and the second converting 
units 30 and 31 converts the first and the second main data signals MPI and MQI and the subdata signal 
SUB to first and second analog signals MP2I and MQ2L Each of the first and the second analog signals 
MP2I and MQ2I has an amplitude level which is determined by the first and the second main data signals 
MPI and MQI and is modified by the subdata signal SUB. In other words, each of the first and the second 
analog signals MP2I and MQ2I can be regarded as a phase modulated signal in which each of the first and 
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the second main data signals MPI and MQI is phase modulated by the subdata signal SUB. The first and 
the second analog signals MP2I and MQ2I are delivered through the first and the second low-pass fillers 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MG22, respectively, 
s The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a* first carrier 
signal SCII and, through the */2-phase shifter 28, to the second amplitude modulator 27 as a second carrier 
signal SC2L The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second carrier signals SCII and SC2I by the first and the second modulating signals MP22 and MQ22 into 
first and second modulated signals MP23 and MQ23, respectively. The first and the second modulated 
to signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Aij or Bij (Fig. 2) to the real and the imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, it is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output bits. However, 
each of the first and the second read-only memories 32 and 34 may have eight bits for the four-by-four 
75 quadrature amplitude modulator. 

In Rg. 3, the multilevel modulator is compact as compared with the multilevel modulator illustrated with 
reference to Rg. L Furthermore, it is unnecessary with the multilevel modulator of Rg. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQI and the subdata 
signal SUB and is possible to use a limited common bandwidth for the first and the second main data 
20 signals MPI and MQI and the subdata signal SUB. 

Referring to Rgs. 4 and 5, a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Rgs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40, a subdata reproducing unit 41, a processing unit 42, and a selecting unit 43. 
25 The phase detector 40 is supplied with the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the composite modulated signal CM' and produces a first phase 
detection signal as a first analog signal DP of the channel P and a second phase detection signal as a 
second analog signal DQ of the other channel Q. Each of the first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and the imaginary 
30 axes X and Y on the phase plane as described in relation to Rg. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted in Rg. 2 at ±L and 
*3L The first and the second analog-to-digital converters 44 and 45 are for discriminating the amplitude 
35 levels of the first and the second analog signals DP and DQ. The first analog-to-digital converter 44 
produces a first digital signal as a first subdata discrimination signal SDP represented by first and second 
bits XIO and X30. The second analog-to-digital converter 45 produces a second digital signal as a second 
subdata discrimination signal SDQ represented by first and second bits YIO and Y30. The first bits XIO and 
YIO of the first and the second subdata discrimination signals SDP and SDQ are for discriminating one of 
40 quadrants of the phase plane. 

The subdata producing circuit 46 is supplied with the first and the second subdata discrimination 
signals SDP and SDQ. As shown in Rg. 5, the subdata producing circuit 46 comprises Exclusive OR and 
NOR circuits 461 and 462 and a majority circuit 463. Responsive to the first bit XIO of the first subdata 
discrimination signal SDP and the second bit Y30 of the second subdata discrimination signal SDQ, the 
45 Exclusive OR circuit 461 produces a first logical output signal. Supplied with the second bit X30 of the first 
subdata discrimination signal SDQ and the first bit YIO of the second subdata discrimination signal SDP, the 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and the second analog signals DP and DQ have the amplitude levels of the output signal 
points Aij (Rg. 2), both of the first and the second logical output signals have binary value w l" whichever 
so quadrant the output signal point Aij may be. On the other hand, when the first and the second analog 
signals DP and DQ have the amplitude levels of the output signal points Bij, both of the first and the second 
logical output signals have binary value "0". It will readily be understood that the binary values of the first 
and the second logical output signals correspond to those of the subdata signal. 

In the manner described before, the first and the second logical output signals have the first bit rate f,. 
55 The subdata signal SUB has the second bit rate f, which is equal to f,/m. in the first and the second logical 
output signals, same codes, m in number, may last in succession while one of the binary bits continues in 
the subdata signal SUB: This is because the first and the second main data signals are modulated by 
subdata signal SUB. But. a discrimination error may occur in outputs of the first and the second anaJog-to^ 
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digital converters 44 and 45. This is because the first and the second analog signals DP and DQ has a 
small level difference relative to the reference levels of the first and the second anaiog-to-digita! converters 
44 and 45. This means that the code error or errors may appear in the succession of m bits of the first and 
the second logical output signals. As a result the reproduced subdata signal SUB' has a reduced code 
s error rate. 

In order to get rid of an influence of the code error of the first and the second logical output signals, 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 463. 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision known in the art with regard to the succession of m bits which may include the code error or 

ra errors. The majority circuit 463 produces an output signal in which a result of the majority decision lasts m 
bits. The output signal of the majority circuit 463 is the reproduced subdata signal SUB'. Thus, the code 
error rate of the reproduced subdata signal SUB' is improved. The code error rate depends on the positive 
integer m and the phase difference a. It is therefore desirable that the positive integer m and the phase 
difference a should be a large number and a large difference. The phase difference a is, however, restricted 

is to x/2 2 " radian in the manner described hereinbefore. 

Referring again to Rg. 4, the processing unit 42 will be described more in detail. The processing unit 
42 comprises first through fourth phase shifters 47 to 50 and first through fourth additional analog-to-digital 
converters 5I to 54. The first phase shifter 47 comprises a first attenuator 471 and a first subtracter 472 and 
is for shifting the phase of the first analog signal DP with the second analog signal DQ used as will be 

20 described later. Likewise, the second shifter 48 comprises a second attenuator 481 and a first adder 482 and 
is for shifting the phase of the first analog signal DP. The third phase shifter 48 comprises a third attenuator 
481 and a second adder 492 and is for shifting the phase of the second analog signal DQ with the first 
analog signal DP used as will be described later. Similarly, the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is for shifting the phase of the second analog signal 0Q. 

25 In the first phase shifter 47, the first attenuator 471 attenuates the amplitude level of the second analog 
signal DQ by an attenuation factor which will presently be described. The first attenuator 471 thereby 
delivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracts the amplitude level of 
the attenuated signal from the amplitude level of the first analog signal DP and delivers an output signal, 
namely, a first phase shifted signal DP^ a , to the first additional analog-to-digital converter 51. 

30 In the example being illustrated, the attenuation factor of the attenuator 471 is equal to tana. The first 
phase shifted signal DP+ a is therefore given by: 

ApmcosQ -Aa«sinfl«tana » K«cos<0 + a), 
where Apand Aq represent amplitude levels of the first and .the second analog signals DP and DQ, $ 
represents the phase of the first and the second analog signals DP and DQ. and K represents a constant 

35 Thus ' the first Phase shifted signal DP+ a has a leading phase of a radian relative to the first analog signal 
DP. 

Likewise, the second phase shifter 48 supplies the second additional analog-to-digital, converter 52 with 
a second phase shifted signal DP^ having a lagging phase of a radian relative to the first analog signal DP. 
The third phase shifter 49 supplies the third additional analog-to-digital converter 53 with a third phase 

40 shifted signal DQ+ a having the leading phase of a radian relative to the second analog signal DQ. The 
fourth phase shifter 50 supplies the fourth additional analog-to-digital converter 54 with a fourth phase 
shifted signal DO* having the lagging phase of a radian relative to the second analog signal DQ. 

When the first and the second analog signals DP and DQ correspond to the output signal points Aij 
(Rg. 2). a combination of the first and the third phase shifted signal DP. a and DQ+ a represents each of the 

45 additional signal points Cij. The first and the third phase shifted signals DP. a and DQ«. a therefore have the 
four amplitude levels ±L and ±3L When the first and the second analog signals DP and DQ correspond to 
the output signal points Bij (Rg. 2), the second and the fourth phase shifted signals DP ^ and DO* each of 
which has the lagging phase of a radian have the four amplitude levels of ±L and ±3L 

The first through the fourth .additional analog-to-digital converters 51 to 54 have first through seventh 

so reference levels of 0. iL, ±2t_ and ±3L and carry out a multilevel discrimination on the first through the 
fourth phase shifted signals DP. a , DP^, DQ+ a , and DCLa. The first additional analog-to-digitai converter 51 
produces a first main data discrimination signal as a first processed digital signal PPI represented by first 
through third bits XII to X3I. The first processed digital signal PPI corresponds to the output signal points 
Aij. Likewise, the second additional analog-to-digital converter 52 produces a second processed digital 

ss signal PP2. The second processed digital signal PP2 corresponds to the output signal points Bij and is 
represented by first through third bits XI2 to X32. The third additional analog-to-digital converter 53 
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produces a third processed digital signal PQI. The third processed digital signal PQI corresponds to the 
output signal points Alj and is represented by first through third bits Yll to Y3I. The fourth additional analog- 
to-digital converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and which is represented by first through third bits YI2 to Y32. 
5 Referring again to Fig. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and is 
supplied with the first through the fourth processed digital signals PPI, PP2, PQI, and PQ2 and. the 
reproduced subdata signal SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI, PP2 f PQI, and PQ2 so as to keep bit synchronism between each of the first 
through the fourth processed digital signals PPI, PP2, PQI, and PQ2 and the reproduced subdata signal 
to SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision described before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SDP and SDQ. Each of the first through the fourth processed digital signals PPI, PP2, PQI, and PQ2 
has a bit rate which is equal to that of the first and the second subdata discrimination signals SDP and 
SDQ. The delay circuit 431 has therefore a delay of m bits which are given by each of the first through the 
75 fourth processed digital signals PPI, PP2, PQI, and PQ2. 

Reference will again be had to Rg. 4. When the reproduced subdata signal SUB' has the binary value 
"I", namely, when the first and the second analog signals DP and DQ correspond to the output signal points 
Aij, the selecting unit 43 selects the first and the third processed digital signals PPI and PQI and produces 
the first and the third processed digital signals PPI and PQI as first and second output signals OPI and OQI. 
20 When the reproduced subdata signal SUB' has ffie binary value "(T, namely, when the first and the second 
analog signals DP and DQ correspond to the output signal points Bij, the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
processed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI. 

The first output signal OPI is represented by first through third bits XI', X2', and X3. The second output 
25 signals OQI is represented by first through third bits Yl' f Y2', and Y3. A combination of the first-and the 
second bits XT and X2' of the iirst output signal OPI is a reproduced signal of the first main data signal 
MPI. Another combination of the first and the second bits Yl' and Y2' of the second output signal OQI is a 
reproduced signal of the second main data signal MQI. Third bits X3 and Y3 of the first and the second 
output signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 
30 DQ, respectively. 

The first and the third bits of the first and the second output signals OPI and OQI are delivered to a 
phase deviation detecting circuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to the first bits XI' and YI' and the third bits X3 and Y3 of the first and the second 
output signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56. 
ss The voltage controlled oscillator 56 produces a local oscillation signal which is phase-locked to the phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by the present applicant and will not be described any longer. 

Referring to Rg. 6, a multilevel demodulator according to another aspect of this invention is for use as a 
counterpart of whichever of the multilevel modulators illustrated with reference to Rgs. I and 3. A subdata 
40 reproducing unit 57 is used instead of the subdata reproducing circuit 41 described in conjunction with Fig. 
4. In other respects, the multilevel demodulator is similar to that illustrated with reference to Rg. 4. 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58, a low-pass filter 59, and 
an analog-to-digital converter 60. In the manner which will later be described in detail, the subdata 
reproducing circuit 58 is implemented by analog circuits. Supplied with the first and the second analog 
45 signals DP and DQ from the phase detector 40. the subdata reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH in the form of an analog signal. 

Referring to Rg. 7, the subdata reproducing circuit 58 comprises first through fourth phase shifters 58!a 
to 58ld, first through sixth full wave rectifiers 582a to 582f. first through third subtracters 583a to 583c, first 
through third analog switches 584a to 584c, and an adder 585. The subdata reproducing circuit 58 further 
so comprises a discrimination circuit 586. an Exclusive-OR circuit 587, a selector 588. and an amplitude 
modulator 589. Such a reproducing circuit 58 is described in Japanese Published Examined Patent 
Application No. 698/83 by the present applicant. Therefore, description will be made with regard to parts 
which are operable in specific conjunction with this invention. 
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If the phase detector 40 (Rg. 6) is supplied with the conventional multilevel quadrature amplitude 
modulated signal, the subdata reproducing circuit 58 serves to produce a phase deviation signal of a 
reference earner signal reproduced in the multilevel demodulator. In the example being illustrated, the 
phase detector 40 is supplied with the composite modulated signal comprising the phase modulated 
component which has the phase differences of ±a radian in accordance with the binary values of the 
subdata signal SUB. Therefore, the subdata reproducing circuit 58 produces the reproduced analog subdata 
signal DH In place of the phase deviation signal. 

Briefly, a combination of the first and the second full wave rectifiers 582a and 582b and the first 
subtracter 583a serves to produce a first processed analog signal DJ in response to the first and the 
second analog agnate DP and DQ. Responsive to the first and the second analog signals DP and DQ a 
combination of the first and the second phase shifters 581a and 581b. the second and the third full wa've 
?~Jf C ^ 5824 ' and * e subtracter 583° selves to produce a second processed analog 

signal DHL Responsive to the first and the second analog signals DP and DQ, a combination of the third and 
flie fourth phase shifters 581c and S8ld. the fifth and the sbrth full wave rectifiers S82e and 582f and the 
third subtracter 583c also serves to produce a third processed analog signal DM. * 

The output signal points Aij and Bij are classified into first through fourth groups shown in Rg. 8 The 
discnminationcircuft 586 Is for discriminating positions of the output signal points Aij or Bij and produces 
first terough fifth discrimination signals 61 to G5 as discrimination results. The third discrimination signal G3 
is a logical sum signal of the first and the second discrimination signals Gl and G2. The first analog switch 
584a i allows the first processed analog signal DJ to pass through on reception of a negation signal 03 of 
the third discrimination signal G3. The second and the third analog switches 584b and 584c allow the 
second and the third processed analog signals DK and DM pass through on reception on the first and the 
second disenrnmabon signals Gl and G2. respectively. With regard to the first quadrant of the phase plane 
tite first processed analog signal DJ is supplied to the adder 585 when the first and the second analog 
agnateDP and DQ correspond to one of the output signal points All. AM. Bll. and BI4. The second 
proceed analog signal DK » supplied to the adder 585 when the first and the second analog signals DP 
S 1 !?L C ? rre ^i t0 •» si 9 nal ***** AI2 or BIZ The third processed analog signal DM is supplied 
*" er ^J*?" * e first ** * 8 secma ^9nals DP and DQ correspond to the output signal 

points AO or BI3. On the other hand, the amplitude modulator 589 carries out amplitude modulation fo 
response to the fourth discrimination signal G4. m 
The reproduced analog subdata signal DH has three different levels in accordance with the positions of 
fte output signal points Aij and Bij. This is because the output signal points Aij and BO are arranged along 
J7« " rc,e3 *** J~ — dieters *"d * common center at the origin 0 as'shown in 
21' tlZ !T P * 8 ™ drff8rent teve,s 9X9 defined °y Mm > M2B * and AI4BI4 in Rg. 2. Therefore. 
^eteatTalSom ^ ^ ^ *" instantaneous tev9 ' varies among the three different 

fflJ"^? *° * e *** different ,eve,s <* *• reproduced analog subdata signal DH. the low-pass 

1™™^ 8) ,S , 9wen = bandwidth defined by approximate* Wn. In addition, the tow-pass filteTS 
SThT^h I ° f 818 repraduced anato 9 ^bdata signal DH and a residual jitter opponent of 

ZJHHL ^ ^^"^ Si9na,S MR m6 MQl - *° °f *e low-pass-fiiter 59 is 

ZZ^l^S^T ~ 60 10 3 *+* * 3 ** * ™» signal is the 

^n^uZTfrT^ tL!I ^ nam8 ' y - 30 averase discrimi "afon level for the reproduced subdata 
?ft S ™ lf 9 ^ bV , A,2B J i ( RQ - 2 >" 0n *" "and. the average discrimination .eve. 

for the first and the second main data signals is defined by 2L. In the example being illustrated, the code 
error rate of each of the first and the second reproduced main data signals is superior to that of the 
reproduced subdata signal SUB' by approximately 6 dB. But. when the positive integer m is equal to eiqht 
tiie code error rate of the reproduced subdata signal SUB' is improved by approximately 9 dB because of 
me improvement of the thermal noise by the use of the low-pass filter 59 (Rg. 6). Rnally. toe code error 
rate of the reproduced subdata signal SUB' can be improved by 3 dB as compared with the reproduced 
first and the second main data signals. 

Referring to Rg. 9. a multilevel demodulator according to still another aspect of this invention is for use 
as acounterpart of whichever of the multilevel modulators illustrated with reference to Rgs. I and 3 

The muttilevel demodulator comprises an intermediate-frequency amplifier 81. a phase detector 62 a 
converting unit 63. a subdata reproducing unit 64. and a main data reproducing unit 65. In the manner 
which will later be described in detail, both of the subdata and the main data reproducing units 64 and 65 
are implemented by digital circuit 
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Supplied with the composite modulated signal CM', the intermediate-frequency amplifier 61 amplifies 
the composite modulated signal CM' and delivers an amplified signal to the phase detector 62. The phase 
detector 62 carries out phase detection of the amplitude signal with reference to a pair of quadrature-phase 
local carrier signals supplied through a voltage controlled oscillator 66. The phase detector 62 delivers first 
s and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63. 

The converting unit 63 comprises first and second baseband amplifiers 67 and 68 and first and second 
analog-tCHjigitai converters 69 and 70. Supplied with the first and the second analog signals DPI and DQI, 
the first and the second baseband amplifiers 67 and 68 are for amplifying the first and the second analog 
signals DPI and DQI to deliver first and second amplified signals to the first and the second analog-to-digital 
10 converters 69 and 70. Each of the first and the second analog-to-digital converters 69 and 70 has seven 
reference levels 0, ±L ±2L, and ±3L and carries out a multilevel discrimination of a relevant one of the first 
and the second amplified signals. The first and the second analog-to-digital converters 69 and 70 produce 
first and second converted digital signals DPII and DQII, each of which is given in bit parallel, as first and 
second discrimination signals. Each of the first and the second converted digital signals DPI! and DQII may 
75 be an eight-bit signal. • 

Referring afresh to Figs. 10, II, and 12, the subdata reproducing unit 64 will be hereinunder described in 
detail. The subdata reproducing unit 64 comprises a logic circuit 64!, first and second multipliers 642 and 
643, a subtracter 644, and a majority circuit 645. Responsive to first and second upper bits of the first and 
the second converted digital signals DPII and DQII, the logic circuit 64! discriminates positions of the 
20 additional signal points Cij corresponding to the first and the second converted digital signals DPII and DQII 
and produces first and second factor data FPI and FQI. As shown in Fig. II, the first and the second factor 
data FPI and FQI take absolute values of unity and three in accordance with the position of the additional 
signal points Cij, in other words, the number of the positive integer j. As shown in Fig. 12, the first and the 
second factor data FPI and FQI take positive or negative sign in accordance with the positions of the 
25 additional signal points Cij, in other words, the number of the positive integer i. 

When the additional signal points Cij are present in the first or the third quadrant of the phase plane, the 
positive integer i is equal to unity or three. The positive integer j is equal to one of unity through four. In this 
event, the first and the second multipliers 642 and 643 convert the first and the second converted digital 
signals DPII and DQII corresponding to the output signal points Aij to first and second multiplication signals 
30 DMSI and DMS2, respectively, which correspond to the output signal point All (Fig. 2). The first and the 
second multipliers 642 and 643 also convert the first and the second converted digital signals DPII and DQII 
corresponding to the output signal points Bij to the first and the second multiplication signals DMSI and 
DMS2, respectively, which correspond to the output signal point BII (Fig. 2). 

When the additional signal points Cij are present in the second or the fourth quadrant of the phase 
as plane, the positive integer i is equal to two or four while the positive integer j is equal to one of unity 
through four. In this event the first and the second multipliers 642 and 643 convert the first and the second 
converted digital signals DPII and DQII corresponding to the output signal points Aij to the first and the 
second multiplication signals DMSI and DMS2, respectively, which correspond to the output signal point 
A3I. The first and the second multipliers 642 and 643 also convert the first and the second converted digital 
40 signals DPII and DQII corresponding to the output signal point Bij to the first and the second multiplication 
signals DMSI and DMS2, respectively, which correspond to the output signal point B3I. 

Supplied with the first and the second multiplication signals, the subtracter 644 subtracts the second 
multiplication signal DMS2 from the first multiplication signal DMSI and produces a subtraction result signal 
in bit parallel. The subtraction result signal represents a level of the reproduced subdata signal SUB'. 
45 Furthermore, the subtraction result signal has the most significant bit representative of a positive sign by the 
binary T when the first and the second converted digital signals DPII and DQII correspond to the output 
signal point Aij. On the other hand, the subtraction result signal has the most significant bit representative of 
a negative sign by the binary "0" when the first and the second converted digital signals DPII and DQII 
correspond to the output signal point Bij. Therefore, it is possible to discriminate whether the output signal 
so points are Aij or Bij by discriminating the sign of the most significant bit of the subtraction result signal. The 
majority circuit 645 carries out a majority decision on the most significant bit of the subtraction result signal 
by counting the binary "I" and -0" of the most significant bits, m in number. The majority circuit 645 
produces an output signal in which a result of the majority decision lasts m bits. The output signal is the 
reproduced subdata signal SUB'. 
55 Referring to Fig. 13, a subdata reproducing unit 64' is similar to that illustrated in Fig. I0 except that a 
combination of a digital-tp-analog converter 646, a low-pass filter 647, and an analog-to-digital converter 648 
is substituted for the majority circuit 645 (Fig. 10). Supplied with the subtraction result signal in bit parallel 
from the subtracter 644, the digitaJ-to-analog converter 646 converts the subtraction result signal to an 
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analog signal. The analog signal has a bandwidth restricted by the low-pass filter 647 which has the same 
bandwidth as the low-pass filter 59 described in conjunction with Rg. 6. The low-pass filter 647 delivers a 
filtered signal to the analog-to-digital converter 648. The filtered signal is converted by the analog-to-digltal 
converter 648 to the reproduced subdata signal SUB' of a single bit 

s Referring to Rgs. 14 and 15, the main data reproducing unit 65 comprises a logic circuit 651, a delay 
circuit 652, first and second multipliers 653 and 654, and first and second adders 655 and 656. The logic 
circuit 651 produces first and second factor data FP2 and FQ2 in response to the reproduced subdata signal 
SUB'. As shown in Rg. 15, when the reproduced subdata signal SUB' corresponds to the output signal 
points Aij (Rg. 2), the logic circuit 651 produces the first factor datum FP2 of -tana and the second factor 

to datum FQ2 of tan*. To the contrary, when the reproduced subdata signal SUB' corresponds to the output 
signal points Bff (Rg. 2), the logic circuit 651 produces the first factor datum FP2 of tana and the second 
factor datum FQ2 of -tana. 

The delay circuit 652 has the same delay time duration as the delay circuit 431 described in conjunction 
with Rg. 5. A combination of the first and the second multipliers 653 and 654 and t^ first and the second 

is adders 655 and 656 is a digital calculator and carries out the following digital calculation: 
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where OPII and OQIi are addition results of the first and the second adders 655 and 656, respectively. In the 
matrix given above, a pair of plus and minus signs win be called a sign pair. When the reproduced subdata 
signal SUB' corresponds to the output signal point Aij (Rg. 2). an upper sign of the sign pair is used. When 
the reproduced subdata signal SUB' corresponds to the output signal point Bij (Rg. 2), a lower sign of the 
sign pair is used. 

Referring back to Rg. 2, each of the output signal point Aij or Bi] may be considered as a vector (DPII 
DQII). Neglecting a factor l/cosa which is a constant the above digital calculation rotates the output signal 
point Aij by a radian around the origin 0 counterclockwise and rotates the output signal point Bij by a radian 
around the origin 0 clockwise. Therefore, the first and the second addition results OPII and OQIi correspond 
to the additional signal points Cij (Rg. 2) no matter whichever of the output signal points Aij and Bij the first 
and the second converted digital signals DPII and DQII may correspond to. Namely, each of the first and 
the second addition results OPII and OQII is a signal wherein each of the first and the second converted 
digital signals DPII and DQII is derived of the phase modulated component modulated by the subdata 



40 Referring again to Rg. 9. the first and the second adders 655 and 656 produce the first addition result 
represented by first through third bits XI'. X2'. and X3 and the second addition result OQII represented 
by first through third bits YI', Y2\ and Y3. respectively. 

The third bits X3 and Y3 represent a phase deviation of the first and the second amplified signals 

^ namelv ' "ret and second input signals of the first and the second analog-to-digital converters 69 and 70 and 
are delivered to the first and the second baseband amplifiers 67 and 68 through a low-pass filter 71 The 
first and the second baseband amplifiers 67 and 68 control a d.c. output level thereof in response to the 
third bits X3 and Y3 filtered by the low-pass filter 71. As a result, it is possible to compensate for a drift of 
the direct output levels of the first and the second amplified signals. Such a drift compensation of the 
demodulator is described in United States Patent No. 4.498.050 issued to Yasuharu Yoshida. the instant 
applicant, and assigned to NEC Corporation. 

A first logic circuit 72 is for controlling a gain of the intermediate-frequency amplifier 61 and another 
gain of the second baseband amplifier 68 in response to the first and the third bits XI and YI. and X3 and 
Y3 of the first and the second addition results OPII and OQII. Such a logic circuit is described in United 
States Patent No. 4.574.246 issued to Yasuharu Yoshida the instant applicant, and assigned to NEC 
Corporation. 

A second logic circuit 73 controls the voltage controlled oscillator 66 in the manner described in 
conjunction with Rg. 4. 
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In Fig. 9, it is possible to reduce a characteristic degradation due to imperfectness of hardware of the 
demodulator. This is because the main and the subdata signals are reproduced by the digital calculation 
Furthermore, an LSI circuit may be used as the digital calculating circuit In this event the multilevel 
demodulator becomes compact. 

While this invention has thus far been described in conjunction with several preferred embodiments 
thereof, it will readily be possible for those skilled in the art to put this invention into practice in various 
other manners. For example, the first and the second main data signals may be represented by different 
numbers of bits. In this event the sum of the different numbers may not necessarily be an even number but 
an odd number. Furthermore, the number of bits of the first or the second main data signal may be equal to 
or greater than three. Accordingly, the number of the output signal points of the composite modulated signal 
may be 32. 64. or so. M this event it is readily understood that the analog-to-digital converters and the logic 
circuits should be for an increased number of bits, and that the phase difference a and the positive integer 
m should be modified for optimum operation. 

Claims 
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A multilev el modulator for modulating a first and a second main data signal and a subdata signal into 
a composite modulated signal, each of said first and said second main data signals being represented by 
first through n-th bits where n is a positive integer which is not less than two. said subdata signal being 
represented by one of a first and a second binary value at a time, wherein the improvement comprises: 

modulating means responsive to said first and said second main data signals and said subdata signal for 
modulating said first and said second main data signals and said subdata signal into said composite 
modulated signal comprising a quadrature amplitude modulated component and a phase modulated 
component said quadrature amplitude modulated component being modulated by said first" and said 
second mam data signals and having 2*" output signal points on a phase plane, said phase modulated 
component being modulated by said subdata signal. 

2. A multilevel modulator as claimed in Claim I, wherein said modulating means comprises: 
phase modulating means responsive to a pair of quadrature-phase carrier signals and said subdata 

signal for phase modulating said pair of quadrature-phase carrier signals by said subdata signal into said 
phase modulated component; and 

quadrature amplitude modulating means responsive to said first and said second main data signals and 
said phase modulated component for amplitude modulating said phase modulated component by said first 
and said second main data signals into said composite modulated signal. 

3. A multilevel modulator as claimed in Claim 2. wherein said phase modulated component has a first 
phase difference of plus a radian relative to said pair of quadrature-phase carrier signals where a is not 
greater than »/2» when said subdata signal has said first binary value, said phase modulated component 
having a second phase difference of minus a radian relative to said pair of quadrature-phase carrier signals 
when said subdata signal has said second binary value. 

4. A multilevel modulator as claimed in Claim I. wherein said modulating means comprises: . 

converting means responsive to said first and said second main data signals and said subdata signals for 

converting said first and said second main data signals by said subdata signal into a first and a second 
converted signal; and 

quadrature amplitude modulating means responsive to a pair of quadrature-phase carrier signals and 
said first and said second converted signals for amplitude modulating said pair of quadrature-phase carrier 
signals by said first and said second converted signals into said composite modulated signal 

5. A multilevel modulator for modulating a main data signal and a subdata signal into a composite 
modulated signal, said main data signal being represented by first through N-th bits where N is an odd 
number, said subdata signal being represented by one of a first and a second binary value at a time 

so wherein the improvement comprises: 

modulating means responsive to said main data signal and said subdata signal for modulating said main 
data signal and said subdata signal into said composite modulated signal comprising a quadrature 
amplitude modulated component and a phase modulated component, said quadrature amplitude modulated 
component being modulated by said main data signal and having 2 M output signal points on a phase plane 

55 said phase modulated component being modulated by said 3ubdate signal. 

6. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature amplitude modulated component modulated by a first and a second main data signal and a 
phase modulated component modulated by a subdata signal, each of said first and said second main data 



35 



40 



45 



11 



0 238 822 



signals being represented by first through rHh bits and having a first bit rate f, where n represents a 
positive integer which is not less than two. said subdata signal being represented by one of a first and a 
second binary value at a time and having a second bit rate f 2 which is not greater than said first bit rale 
divided by a predetermined natural number m, said phase modulated component having a first phase 

s difference of plus a radian when said subdata signal is represented by said first binary value, where a is not 
greater than W2 2 ", said phase modulated component having a second phase difference of minus a radian 
when said subdata signal is represented by said second ' binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detection signal, wherein the improvement comprises: 

70 reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said first and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 6. wherein said reproducing, means comprises: 
subdata reproducing means responsive to said first and said second phase detection signals for 
ts reproducing said reproduced subdata signal; and 

main data reproducing means responsive to said first and said second phase detection signal for 
reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 

a A multilevel demodulator as claimed in Claim 7, wherein said subdata reproducing means comprises: 
20 analog-to-digital converting means responsive to said first and said second phase detection signals for 
converting said first and said second phase detection signals to a first and a second digital signal; and 

subdata producing means responsive to said first and said second digital signals for producing said 
reproduced subdata signal 

9. A multilevel demodulator as claimed in Claim 8, wherein said subdata producing means comprises: 
25 logic circuit means responsive to said first and said second digital signals for carrying out a logical 

operation on said first and said second digital signals to produce a first and a second logical output signal; 
and 

majority circuit means responsive to said first and said second logical output signals for carrying out a 
majority decision on 2m-bHs which are equal to a sum of m-bits of said first logical output signal and m-bits 
30 of said second logical output signal to produce a result signal as said reproduced subdata signal. 

10. A multilevel demodulator as claimed in any one of Claims 7 to 9. wherein said main data 
reproducing means comprises: 

processing means coupled to said detecting means for processing said first phase detection signal to a 
first and a second processed digital signal and said second phase detection signal to a third and a fourth 
& processed digital signal; and 

selecting means coupled to said processing means for selecting one of said first and said second 
processed digital signals and one of said third and said fourth processed digital signals in accordance with 
said predetermined one of the binary values of said reproduced subdata signal. 

A. A multilevel demodulator as claimed in Claim 10, wherein said processing means comprises: 
40 P" 830 shifting means responsive to said first and said second phase detection signals for shifting a 
phase of said first phase detection signal to produce a first and a second phase shifted signal and a phase 
of said second phase detection signal to produce a third and a fourth phase shifted signal, said first and 
said second phase shifted signals having a leading and a lagging phase of a radian relative to said first 
phase detection signal, said third and said fourth phase shifted signals having a leading and a lagging 
45 phase of a radian relative to said second phase detection signal; 

analog-to-digital converting means responsive to said first through said fourth phase shifted signals for 
converting said first through said fourth phase shifted signals to said first through said fourth processed 
digital signals. 

12. A multilevel demodulator as claimed in Claim 6, wherein said reproducing means comprises: 
so converting means coupled to said detecting means for converting said first and said second phase 
detection signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 

main data reproducing means responsive to said first and said second converted digital signals for 
55 reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 
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13. ^ A multilevel demodulator as claimed in Claim 12, wherein said subdata reproducing means 
comprises: 

logic circuit means responsive to said first and said second converted digital signals for carrying out a 
logical operation on said first and said second converted digital signals to produce a first and a second 
s factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said reproduced subdata signal. 

14. A multilevel demodulator as claimed in Claim 13, wherein said digital processing means comprises: 
iq a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digital signal by said first factor datum to produce a first multiplication signal: 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
multiplying said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

75 a subtracter responsive to said first and said second multiplication 'signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal; and 

a majority circuit responsive to said subtraction result signal for carrying out a majority decision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reproduced 
subdata signal. 

20 15. A multilevel demodulator as claimed In Claim 13, wherein said digital processing means comprises: 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
multiplying said second converted digital signal by said second factor datum to produce a second 
25 multiplication signal; 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal; 

a digital-to-analog converter coupled to said subtracter for converting said subtraction resultsignal to an 
analog signal; 

a low-pass filter coupled to said digital-to-analog converter for extracting a predetermined band of said 
analog signal to produce a filtered signal; and 

an analog-to-digital converter coupled to said low-pass filter for converting said filtered signal to a digital 
signal as said reproduced subdata signal. 

16. A multilevel demodulator as claimed in Claim 12. wherein said main data reproducing means 
comprises: 

logic circuit means responsive to said reproduced subdata signal for carrying out a logical operation on 
said reproduced subdata signal to produce a first and a second factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said first and said second reproduced main data signals. 

17. A multilevel demodulator as claimed in Claim 16, wherein said digital processing means comprises: 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
multiplying said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a first adder responsive to said first converted digital signal and said second multiplication signal for 
adding said first converted digital signal to said second multiplication signal to produce said first reproduced 
main data signal; and 

a second adder responsive to said second converted digital signal and said first multiplication signal for 
adding said second converted digital signal to said first multiplication signal to produce said second 
reproduced main data signal. 

18. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature amplitude modulated component modulated by a main data signal and a phase modulated 
component modulated by a subdata signal, said main data signal being represented by first through N-th 
bits and having a first bit rate f, where N represents an odd number, said subdata signal being represented 
by one of a first and a second binary value at a time and having a second bit rate f, which is not greater 
than said first bit rate divided by a predetermined natural number m. said phase modulated component 
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having a first phase difference of plus a radian when said subdata signal is represented by said first binary 
value, where a fs not greater than w/2 N , said phase modulated component having a second phase difference 
of minus a radian when said subdata signal is represented by said second binary value, said demodulator 
comprising detecting means- for phase detecting said composite modulated signal to produce a first and a 
5 second phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said first and said second phase detection 
signals. 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
STEADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



